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a = 8.8799(12)Å，V=700.2(2)Å3；a = 8.8511(5)Å，V = 693.41(7)Å3；a =8.8981(6)Å，





a = 12.9402(4) Å，b = 6.4382(2) Å，c = 10.6428(3) Å，V = 886.67(5) Å3。并通过
原子配位和键长计算，确定铵离子的两种晶体学位置之差异，解释了[NH4]+和
K+部分取代只在其中一种铵离子位置中进行。合成过程中，在 MI2O(或 NH4+)- 
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Abstract 
Ammonium and potassium have quite similar ionic radius, electronegativity, and 
chemical properties. When these two cations co-exsist in a compound prepared from 
hydrothermal method, they frequently occupy the same position and occur the partial 
substitution phenomena. However, not all the compounds consisting of both 
ammonium and potassium have these kinds of substitutions. Mostly, they sit on their 
own positions. The partial substitution only exists in some specific systems. In order 
to reveal the rule of partial substitution phenomena, we focus our study on the 
elpasolite compounds and phosphate compounds.  
 
Most of the elpasolite compounds are in the cubic system with space group Fm-3m. 
This system is the best model to study the radius, ion substitution and phase transition. 
In this dissertation, we have synthesized three elpasolite-type compounds with partial 
substitution between ammonium and potassium, and a fluorinated phosphate 
compound. We have applied many techniques, such as powder and single crystal 
X-ray diffraction, UV-Vis, Infrared, SEM and so on, to characterize the crystal 
structure, morphologies, composition and the forming condition of these compounds. 
A brief summary is given as following. 
 
First, Three elpasolite compounds, (NH4)2[K0.71(NH4)0.29]CrF6, 
(NH4)2[K0.62(NH4)0.38]GaF6, and (NH4)2[(NH4)0.61K0.39]FeF6 were synthetized by 
hydrothermal method. Their crystal structures were determined from the  X-ray 
single crystal data which resulted in space group Fm-3m. The crystallographic data 
are: a=8.8799(12) Å, V=700.2(2) Å3, a=8.8511(5) Å, V=693.41(7) Å3, a=8.8981(6) Å, 
V=704.52(8) Å3 for Cr-, Ga-, and Fe-compound, respectively. Some elements of the 
compounds were confirmed through EDX analysis method, the functional groups in 
these compounds also were analyzed by UV-Vis and IR spectroscopy. An orthogonal 
experiment on synthetic condition has been applied to understand the influence of pH, 
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morphologies, and qualities. 
 
The ammounium and potassium iron phosphate compound, 
(NH4)0.5[(NH4)0.375K0.125]FePO4F, has been synthesized via hydrothermal method. The 
crystal structure was determined from single crystal X-ray diffraction. The 
crystallographic data are: Pna21, a = 12.9402(4) Å, b = 6.4382(2) Å, c = 10.6428(3) Å, 
V = 886.67(5) Å3. Compared with the known structure of [NH4]+ and K+ partially 
substituent compounds, this compound presents the formation mechanism of [NH4]+ 
and K+ of partially substituent compound preliminary. During our investigation on the 
system of MI2O(or ammonium)-MIII2O3-P2O5-F, we obtained an unkonwn indium 
phosphate compound through hydrothermal method. The crystal structure of this 
compound couldn’t obtain because of the poor quality of crystals. But we have applid 
the Powder X-ray diffraction and IR to analyze this compound. 
 
Keyword: Hydrothermal synthesis; Elpasolite; Single crystal structure; Substitution 
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第一章  钾冰晶石的研究进展 
1.1 引言 
氟化物在工业上有着广泛的应用。目前，氟化工产品主要分为 4 大类，即无
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结构中所有四面体空隙位置( 1/4 , 1/4 , 1/4 )。 
 
表 1.3.1 人工合成的等轴晶系的钾冰晶石型化合物 
化学式 a(Å)值 化学式 a(Å)值 化学式 a(Å)值 
(NH4)2NaGaF6[6] 8.450(3) K2NaScF6[7] 8.4717(5) K2NaCuF6[8] 8.203(5) 
(NH4)2NaFeF6[6] 8.483(3) K2NaTlF6[8] 8.668(5) K2NaFeF6[9] 8.323(3) 
(NH4)2NaInF6[10] 8.6675(3) K2NaYF6[8] 8.711(5) K2NaInF6[11] 8.570(3) 
(NH4)2NaCrF6[6] 8.4472(2) K2LiAlF6[12] 7.842(1) K2NaMoF6[13] 8.501 
(NH4)2NaAlF6[14] 8.345(3) K2NaAlF6[15] 8.116(2) K2NaNiF6[16] 8.211 
(NH4)1.66K1.34 
AlF6[6] 
8.724(3) K2NaCrF6[17] 8.275(1) K2NaRhF6[18] 8.362 
Cs2KCrF6[19] 9.004 Cs2KTiF6[20] 9.115(1) Cs2TlMoF6[21] 9.393 
Cs2KCuF6[22] 8.894(1) Cs2KVF6[23] 9.047 Cs2TlVF6[23] 9.234 
Cs2KFeF6[24] 9.041 Cs2KYF6[16] 9.445(2) Cs2NaErF6[25] 9.061(1) 
Cs2KMnF6[26] 9.067(1) Cs2NaBiF6[13] 9.190(2) Cs2NaFeF6[27] 8.739(1) 
Cs2KMoF6[13] 9.21 Cs2TlBiF6[28] 9.727(2) Cs2NaYF6[29] 9.075(2) 
Cs2KNiF6[24] 8.936 Cs2TlFeF6[24] 9.211 Cs2RbBiF6[28] 9.720(2) 
Cs2KRhF6[18] 9.049 Cs2NaScF6[30] 8.867(1) Cs2RbYF6[29] 9.625(2) 
Cs2KAgF6[31] 9.175 Cs2NaTlF6[8] 8.995(5) Rb2KCrF6[19] 8.817 
Cs2KBiF6[28] 9.558(2) Cs2NaInF6[11] 8.905 Rb2KFeF6[32] 8.869 
Cs2KCoF6[33] 8.979 Cs2NaMnF6[34] 8.762 Rb2KMoF6[13] 8.911 
Rb2KTiF6[20] 8.910(1) Rb2NaBiF6[28] 9.003(2) Rb2KNiF6[16] 8.734 
Rb2KVF6[23] 8.855 Rb2NaCoF6[33] 8.421 Rb2KRhF6[18] 8.876 
Rb2LiFeF6[27] 8.244(1) Rb2KCrF6[19] 8.817 Rb2KScF6[35] 9.020(1) 
Rb2NaBiF6[28] 9.003(2) Rb2KFeF6[24] 8.868 Rb2KScF6[35] 9.020(1) 
Rb2NaCrF6[19] 8.418 Rb2KFeF6[17] 8.869(1) Rb2NaCoF6[33] 8.421 
Rb2NaErF6[25] 8.867(1) Rb2KFeF6[32] 8.869 Rb2NaHoF6[36] 8.8735(5)
Rb2NaFeF6[27] 8.462(1) Rb2KMoF6[13] 8.911 Rb2LiFeF6[27] 8.244(1) 
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Rb2KVF6[23] 8.855 Rb2KFeF6[17] 8.869(1) Rb2KBiF6[28] 9.369(2)





晶系的该类化合物只有 P2/n 一种空间群。如图 1.3.1 所示，在该类结构中，[MF6]
为变形的八面体，它与另一种变形的八面体[BF6]通过角顶连接，[MF6]的 6 个角
顶分别与 6 个[BF6]相连，而 A 离子则是在[MF6]所形成的四面体空隙中。在 1993
年，Guengard H.等人用 Rietveld 全谱拟合法对 Rb2KYF6 化合物的 X 射线粉末图
谱进行了精修，合成的 Rb2KYF6 为单斜晶系，晶胞参数为：a=6.531 Å，b=6.583 
Å，c=9.271 Å，β=90.07°[37]。2002 年，Kirk C. Ross 等人用同样的方法精修了
Na2LiAlF6，其晶胞参数为 a=5.2842(1) Å，b=5.3698(1) Å，c=7.5063(2) Å， 
β=89.98(1)°[38]。目前已知的 P2/n 空间群化合物有三种，列于表 1.3.2 中。 
 
表 1.3.2  人工合成的单斜晶系钾冰晶石型化合物 
化学式 a(Å) b(Å) c(Å) β(°) V(Å3)
Rb2KScF6[35] a=6.363(1) b=6.349(1) c=8.991(1) β=90.09(1) 363.22
Rb2KYF6[37] a=6.531(1) b=6.583(1) c=9.271(1) β=90.07(1) 398.59
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